This study highlights the synthesis and structural elucidation of two new isophthalamide isomers namely N,N'-1,3-bis(4methylpyridin-2-yl)isophthalamide and N,N'-1,3-bis(5-methylpyridin-2-yl)isophthalamide (5-MPI), prepared from reaction between isophthaloyl chloride with 2-amino-4-methylpyridine and 2-amino-5-methylpyridine, respectively. Their potential studies as anion receptors for chromate anions are also include in this paper. Characterization of these compounds were accomplished using common spectroscopic techniques such as Fourier Transform Infrared (FT-IR), 1 H and 13 C Nuclear Magnetic Resonance (NMR), UV-Vis spectrometer and mass spectrometry. FTIR analysis showed the presence of four significant peaks comprising ν(N-H), ν(C-H), ν(C=O) and δ(N-H) at range 3256-3274 cm -1 , 2812-2928 cm -1 , 1662-1686 cm -1 and 1533-1537 cm -1 , respectively. Meanwhile, 1 H NMR confirmed the presence of methyl, aromatic carbon and amide resonances at δ H 2. 983-2.994 ppm, 6.860-8.974 and 10.138-11.300 ppm, respectively. In the 13 C NMR spectra, the appearance of methyl, aromatic and carbonyl carbon signals were determined at δ C 18. 45-20.59 ppm, 108.42-159.22 ppm and 167.04-167.20 ppm, respectively. UV-Vis study showed that 4-MPI and 5-MPI shows promising potential as anion receptors for chromate anions. ABSTRAK Kajian ini menekankan sintesis dan penentuan struktur dua sebatian isomer baharu terbitan isoptalamida, iaitu N,N'-1,3-bis(4-metilpiridina-2-il)isoptalamida (4-MPI) dan N,N'-1,3-bis(5-metilpiridina-2-il)isoptalamida (5-MPI) yang disediakan melalui tindak balas antara isoptaloil klorida masing-masing dengan 2-amino-4-metilpiridina and 2-amino-5-metilpiridina. Pencirian terhadap sebatian ini dilakukan melalui gabungan beberapa teknik spektroskopi seperti Transformasi Fourier inframerah (FT-IR), 1 H dan 13 C Resonans Magnetik Nukleus (NMR), UV-Vis dan spektrometer jisim. Spektrum FTIR menunjukkan kehadiran lima puncak penting mengandungi ν(N-H), ν(C-H), ν(C=O) dan δ(N-H) masing-masing pada julat 3256-3274 cm -1 , 2812-2928 cm -1 , 1662-1686 cm -1 dan 1533-1537 cm -1 . Keputusan data 1 H RMN mengesahkan kehadiran resonans metil, aromatik dan amida masing-masing pada julat δ H 2. spektra 13C RMN menunjukkan kehadiran signal metil, aromatik dan karbonil masing-masing pada δ C 18. 45-20.59 ppm, 108.42-159.22 ppm dan 167.04-167.20 ppm. Analisis UV-Vis menunjukkan bahawa sebatian 4-MPI dan 5-MPI mempunyai potensi sebagai reseptor untuk anion kromat.
INTRODUCTION
The field of anion coordination chemistry has become of a topical interest due to the impacts anions have in nature (Dong et al. 2012; Gale 2000; Ranjan & Pradyut 2014; Zhao et al. 2018 ) Fertilizer run-off, metallo-toxic anions and oxoanions, such as phosphate and chromate which were sourced from agricultural and industrial waste have widely cause to water pollutant (Cametti & Rissanen 2013 , 2009 Gao et al. 2018) . High level of phosphate is detrimental to the environment, which disrupts aquatic life cycles. Meanwhile, chromate, which has been classified as carcinogenic to humans by The International Agency for Research on Cancer (IARC) cause to eutrophication (Hsu et al. 2019) .
Realizing the crucial need of anion receptors, various efforts have been devoted to produce synthetic anion receptors that can effieciently bind with these anions. This involve development of anion receptors from hydrogen bonds donor molecules such as amide, thiourea and imidazolium (Kai et al. 2015; Zhao et al. 2018) . It is well known that resins and zeolites have been conventionally used to treat anions in water but these materials are effective in separating anions with higher valence, greater atomic weights and smaller radii such as I -, NO 3-,CN -, HSO 4 -,NO 2 -,Cland HCO 3 - (Bezerra et al. 2019 ). Thus, lower valence and large radii such as chromate is possibly remained or recovered in drinking water during water treatment phase.
To date, employment of amide molecules such as bis pyridyl bis amide ligands has become of interest due to their ability to form interactions with oxoanions, either in discrete molecules or in the form of coordination polymers (Kadir & Sumby 2018 , Lin et al. 2018 . Many of the anion receptors molecule were designed with specific scaffold like a U-shaped structure, to promote anion binding through amine NH moieties. Realizing the need to remove chromate anions due to their high toxicity to human health and environment, herein we have designed and synthesized two new isopthalamide derivatives namely N, N'-1,3-bis(4methylpyridin-2-yl)isophthalamide and N,N'-1,3-bis(5methylpyridin-2-yl) isophthalamide as potential anion receptors candidate ( Figure 1 ). Electrospray (ES) mass spectra were recorded using a Finnigan LCQ mass spectrometer by preparing serial dilutions of a 1 mg/mL solution of the compound. For UV-Vis analysis, all compounds were recorded by using Spectrophotometer Shimadzu UV-1601PC in 1 cm 3 cuvette in methanolic solution for absorbance analysis. All chemicals were used without further purification. PREPARATION OF N, ISOPHTHALAMIDE (4-MPI)
Isophthaloyl chloride (2.03 g, 10.1. mmol) was dissolved in dichloromethane (100 mL). 2-amino-4-methylpyridine (2.1 mL 20.6 mmol) and trimethylamine was added slowly and the resulting solution was stirred for 48 h to give diamide as a white solid. Thin layer chromatography (TLC) technique was used to monitor the reaction till completion. After the reflux process was completed, the solvent (dichloromethane) was removed by using rotary evaporator (111°C at 77 mbar). The residue obtained after rotary evaporation was triturated with 10 mL of hot ethyl acetate for three times to produce pale yellow solid (0.6759 g, 83.95%). The residue was collected through filtration and let dried in silica gel. The melting point obtained was 200°C.
Isophthaloyl chloride (2.03 g, 10.1 mmol) was dissolved in dichloromethane (100 mL). 2-amino-5-methylpyridine (2.1 mL, 20.6 mmol) and trimethylamine was added slowly and the resulting solution was stirred for 48 h to give diamide as a white solid. Thin layer chromatography (TLC) technique was used to monitor the reaction till completion. After the reflux process was completed, the solvent (dichloromethane) was removed by using rotary evaporator (111°C at 77 mbar). The residue obtained after rotary evaporation was triturated with 10 mL of hot ethyl acetate for three times to produce pale yellow solid (0.7680 g, 65 %). The residue was collected through filtration and let dried in silica gel. The melting point obtained was 205°C.
RESULTS AND DISCUSSION
In this study, two types of isopthalamide isomers namely N,N'-1,3-bis(4-methylpyridin-2-yl)isophthalamide (4-MPI) and N,N'-1,3-bis(5-methylpyridin-2-yl) isophtalamide (5-MPI) were synthesized using acyl chloride method. One mol of isophthaloyl chloride was dissolved in dry dichloromethane before being charged with two mol of substituted aminopyridine. Trimethylamine was added to increase the basicity of the reaction and continued to reflux for several hours until completion and gave product as white solids. The mechanism of formation is illustrated in Scheme 1. The reaction started with the nucleophilic attack from nitrogen atom on aminomethylpyridine towards the electrophilic carbon carbonyl of isophthaloyl chloride FIGURE 1. Molecular structure of 4-MPI and 5-MPI By having the inward pointed N-H fragments such as amine as the binding site, an in situ anion's pocket will naturally acts as anion binding host, through hydrogen bonding as shown in Figure 2 . This paper describes in details the structure elucidation of two new synthesized isopthalamide compounds from various spectroscopic methods, along with the chemistry of isomeric effects that cause from methyl at meta and para positions. As a final approach, a preliminary anion binding is used to identify their potential as anion receptors, before further anion recognition investigation is carried out in future.
MATERIALS AND METHODS
NMR spectra of 1 H and 13 C NMR were recorded using Bruker Advance III 400 spectrometer with deuterated dimethylsulfoxide (DMSO-d 6 ) as solvent. Melting points were measured using Melting Point Stuart SMP3 while CHNS elemental analyses were recorded by CHNS Flashes 1112 series. Infrared spectra were collected on a Perkin Elmer Spectrum BX Infrared spectrometer as KBr disks. to form sp 3 hybridized intermediate. This intermediate consists of electronegative chlorine atom which is well known as a good leaving group. As the lone pair on oxygen atom reforms the π bond, this has led to the removal of chlorine atom. The forming compound is not yet stable as nitrogen of amide has one extra bond, makes it positively charge. The previously removed chlorine atom then abstracts the proton from amide group to finally stabilize the compound and afforded the products as 4-MPI and 5 MPI, respectively.
Compounds 4-MPI and 5-MPI were obtained as pale white solids with melting points of 200°C and 205°C, respectively. According to Katrizky et al. (1997) , aminosubstituted benzaldehyde and methoxy-substituted acetanilide displayed different melting points based on the attachment of substituents at the ortho-, meta-and parapositions. To note, these two compounds exhibited higher values of melting points when the substituents were placed in the para-position compared to meta-position. This is probably due to the effect of amino and methoxy groups which were known as electron donating substituents. These results were in accordance with the one we obtained in our previous study (Kadir et al. 2017) , where compound 5-MPI with methyl group placed in para-position outnumbered the melting point of compound 4-MPI by 5°C.
Among the factors that influence the melting points are the position isomerism of the substituent and also the type of substituent itself, whether it belongs to electron donating group or electron withdrawing group. To elobarate on the positional isomerism, Rao and Sunkada (2007) have stated that in term of disubstituted benzene derivatives, the melting points of symmetrical para-isomers were found higher than those of ortho-and meta-isomers compounds. Being more symmetrical in structure will add more values in the melting point readings. Besides, they added that the geometry of a compound also played an important role in affecting the melting point reading. Steric crowding produced due to the effect of molecular geometry of a compound will causes the packing coeffecient in crystals to decrease, which finally results in the decrease of melting point too. To relate these findings with our study, compound 4-MPI with the methyl group substituted at meta-position was affected more by steric crowding, hence causing it to end up with a slightly lower melting point than compound 5-MPI. The molecular structures and physical properties of the synthesized compounds are shown in Table 1 .
INFRA-RED SPECTROSCOPIC ANALYSIS
Four main absorption bands, which are v (N-H) , v(C-H), v(C=O) and δ(N-H) were determined from the FT-IR spectra of the synthesized compounds. An example of infra-red spectrum for compound 4-MPI is given in Figure 3 . Based on the spectrum, v(N-H) was observed at wavenumber 3274 cm -1 (Ameram & Yamin 2013) . Medium intensity absorption band represented by v(C-H) was determined at 2812 cm -1 . Meanwhile, a strong intensity absorption band was observed at 1686 cm -1 , which proven the existence of carbonyl group in the synthesized compound (Zhao et al. 2013 ). The signal for v(C=O) has shifted to a slightly lower wavenumber from the normal stretching value at around ~1700 cm -1 , which may be due to the formation of intramolecular hydrogen bonding which occurred at pendant pyridyl group and between both of the amide NH moieties (Sunkari et al. 2015) . Besides, Kurt and Mercimek, (2009) and Yusof et al. (2010) reached unanimity as they agreed that resonance effect with benzene ring and intramolecular hydrogen bonding formation with amide group may have been responsible for the lower wavenumber recorded. On the other hand, the δ(N-H) was assigned to the strong intensity band appeared at 1537 cm -1 .
The IR spectrum obtained for compound 5-MPI closely resembles the one of 4-MPI in term of the absorption pattern. However, the wavenumbers recorded for v (N-H) and v(C=O) of both compounds showed notable difference SCHEME 1. Mechanism formation of 4-MPI and 5-MPI in values. Compound 5-MPI recorded the appearance of amide stretching at 3256 cm -1 which was 18 cm -1 lesser from the wavenumber of 4-MPI (3274 cm -1 ). On the other hand, the carbonyl stretching for 5-MPI appeared in strong intensity at 1662 cm -1 . However, the wavenumber was also a bit lower when compared to the wavenumber of 4-MPI, with a value difference of 24 cm -1 . Hereby, understanding the role played by methyl substituent is crucial in order to resolve the issue. Methyl group has a role as electron donating substituent. Based on Pavia et al. (2015) , resonance effect exerted by methyl group can conjugated with phenyl ring and carbonyl group. This will results in increasing of the single bond character of carbonyl group, which finally led to the lower wavenumber obtained. In this present study, it was shown that wavenumbers of the amide stretching and carbonyl stretching for compound 4-MPI were found higher in comparison to the values recorded for compound 5-MPI. We believe that combination of resonance effect and also steric effect might have contributed to such results. As compound 5-MPI consisted of para-substituted methyl substituent, it experienced weaker steric effect than compound 4-MPI (meta-substituted methyl substituent) which in turn resulted in much lower wavenumber recorded. Steric effect certainly has direct correlation with positional isomerism, which deals with different attachment of methyl group. Therefore, the changes in positional isomerism will also determine the degree of steric effect and will eventually influencing the wavenumber of each compounds. The FT-IR spectral data of both the 4-MPI and 5-MPI are presented in Table 2 . 1 H AND 13 C NMR SPECTROSCOPIC ANALYSIS 1 H NMR spectra of compounds 4-MPI and 5-MPI were recorded in with the solvent resonance appeared at approximately ~2.5 ppm. Figure 4 shows the 1 H NMR spectrum of 4-MPI as the reference in this section.
The methyl proton signals of 4-MPI and 5-MPI were observed at slightly downfield from the normal values at δ H 2.983 ppm and 2.994 ppm, respectively. Theoretically, the methyl group donates electron to the pyridine ring which activating the pyridine ring. At the same time, this has causes the methyl protons to be left with lesser electron density and resulted in the shifted to the downfield at ~2.9 ppm. Interestingly, the two methyl protons showed different peak splitting. As the methyl protons of compound 4-MPI were not affected by the adjacent protons, thus, it appeared as a singlet. Meanwhile, methyl protons of 5-MPI showed triplet splitting. This is intrepreted as the result of the three methyl protons being all equivalent and led to the coupling with the two protons attached to the adjacent carbon.
The aromatic proton resonances (combination of phenyl and pyridine protons) of both compounds were believed to be deshielded by the diamagnetic anisotropy of the ring and caused a great shift in values at around δ H 6.860-8.974 ppm, respectively (Yalçin et al. 2015) . The N-H proton signals were observed as a singlet resonance appeared at the downfield region at δ H 10.138 ppm (4-MPI) and 11.300 ppm (5-MPI). The shifted might has been affected by the electron-withdrawing effect of the electronegative nitrogen in the pyridine ring (Barakat et al. 2015) . To highlight, amide proton resonance of 5-MPI was seen at much higher frequency region as compared to the one of 4-MPI due to the attachment of methyl group at the para-position which has triggered lesser steric effect towards amino proton (Movassaghi & Hill 2006) . The overall 1 H NMR data are given in Table 3 .
The 13 C NMR spectra of the synthesized compounds showed the presence of all important signals at the expected chemical shift. Figure 5 displays the 13 C NMR spectrum for compound 4-MPI. Based on the results obtained, the methyl resonances for 4-MPI and 5-MPI were found at upfield region at δ C 18.45 ppm and 20.59 ppm, respectively (Adam et al. 2016; Kadir et al. 2017; Rabiatun et al. 2011) . The resonance signals for aromatic carbons for both compounds were indicated at δ C 108.42-159.22 ppm. The presence of carbonyl group, amide group and as well as nitrogen atom in the pyridine moieties have caused the aromatic carbons signals to be slightly shifted to the downfield. Meanwhile, the signals for C=O resonance were found mostly deshielded compared to the other resonances observed at δ C 167.04 (4-MPI) and 167.20 ppm (5-MPI), respectively (Hassan et al. 2015; Shoaib et al. 2014) . The carbonyl carbons were assigned at the low field due to the electronegativity effect of oxygen atom from C=O group. The results showed that compounds 4-MPI and 5-MPI portrayed similar data as reported by previous studies (Kadir et al. 2017; Schmuck & Machon 2005; Sumby & Hanton 2009) . The 13 C NMR data for the synthesized compounds are shown in Table 4 . Further confirmation by mass spectrometry also agreed with the formation of protonated symmetrical compounds appeared in low abundance at m/z 347.15, respectively.
ULTRAVIOLET-VISIBLE SPECTROSCOPY
Ultraviolet-Visible analysis is used to observe the electronic transitions of the compound based on the absorbance values. The electronic absorption spectra were recorded in methanol (1×10 -5 M) with cut-off point of 205 nm. On the other hand, by using UV-vis spectra, the presence of chromophore groups such as carbonyl (C=O) and pyridine groups can be detected.
The UV-Vis spectrum of the synthesized ligands is shown in Figure 6 . From the spectrum, it shows that the C=O group of ligand 4-MPI undergoes n → π* transition at λ max 240 nm and the pyridine group undergoes π → π* at λ max 270 nm. While the molar absorptivity for C=O and pyridine groups were found for 48000 cm -1 M -1 and 20000 cm -1 M -1 . The UV-Vis spectroscopy analyses for 5-MPI, two main absorption peaks representing carbonyl and pyridine had also been observed at λ max 256 nm and 278 nm, each represents n → π* transition and π → π* transition. The molar absorptivity 47000 cm -1 M -1 and 60000 cm -1 M -1 is higher. The electron transition in pyridine was caused by electrons transfer from the benzene ring π -system to the C=O group. The data obtained is depicted in Table 5 . From the data obtained for both ligands, it can be conclude that 5-MPI have higher molar absorptivity value than 4-MPI.
PRELIMINARY ANION BINDING STUDIES
The investigation for anion binding study was done following the literature procedure by Shi et al. (2012) and Shao et al. (2009) . These study were conducted by using chromate anion which representing tetrahedral geometries such as phosphate and perchlorate anion species. The time interval study was conducted by combining 4-MPI and 5-MPI with chromate anion with concentration 2.5×10 -5 M and analyzed every half and hour for three hours. The study shows that the absorbance of the 4-MPI at 205.5 nm increased when the receptor is exposed to the chromate (analyte) much longer. Complex 4-MPI-Chromate shows the increasing of binding ability as the time extended from 0 to 3 h. In stark contrast to that, the absorbance of chromate (at 215 nm) is reduced from 0.403 to 0.350 showing the decreased in concentration of chromate in solution, as expected. This type of result was also observed in 5-MPI analysis, in similar to the finding reported by Shi et al. (2012) in their anion binding study. As conclusion, 4-MPI and 5-MPI have good responses towards chromate anions as receptors molecule (Figures 7 & 8) . of N,N'-1,3-bis(4-methylpyridin-2-yl) isophthalamide (4-MPI) and N,N'-1,3-bis(5-methylpyridin-2-yl)isophtalamide (5-MPI) have been successfully elucidated by typical spectroscopic techniques such Fourier Transform Infrared (FT-IR) and Nuclear Magnetic Resonance (NMR). There were notable difference in the melting point readings, FTIR wavenumbers and NMR chemical shifts obtained for compounds 4-MPI and 5-MPI. Such differences was mainly contributed by the different attachment of methyl substituent at the pyridine ring that has led to the resonance effect, steric effect and formation of intramolecular hydrogen bonding. Preliminary binding studies using UV-Vis spectroscopy shows promising potential for 4-MPI and 5-MPI to be used as reseptor for chromate anions. However, futher investigation involving kinetic studies is needed to complete this study in future.
CONCLUSION
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